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(54) PIEZOELECTRIC TRANS-INVERTER CIRCUIT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a piezoelectric trans-inverter circuit 
capable of preventing the break of a piezoelectric transformer in case of a 
disconnection between a piezoelectric transformer and a cold cathode or in case of 
a broken cold cathode. 

SOLUTION: When voltage divided from the output voltage of a piezoelectric 
transformer 1 is equal to or above the upper limit reference voltage of a voltage 
detection circuit 7 for the piezoelectric transformer 1, a voltage-frequency 
conversion circuit 5 is controlled to operate the piezoelectric transformer 1 to give 
output voltage equal to or lower than a set voltage. In addition, a drive circuit 6 is 
stopped when the output voltage of the piezoelectric transformer 1 is equal to or 
less than the lower limit reference voltage of the voltage detection circuit 7 for the 
piezoelectric transformer 1 and the output voltage of an error amplifier circuit 8 is 
larger than the reference voltage of an error amplification circuit voltage detection 
circuit 8. 
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1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The piezoelectric transformer output voltage detector which detects the output voltage of said piezoelectric 
transformer in the piezoelectric transformer inverter circuit which a piezoelectric transformer is driven [ inverter circuit ] and 
makes a cold cathode tube turn on by the drive circuit, the tube electric current detector which detects the tube electric 
current which flows said cold cathode tube, and the piezoelectric transformer inverter circuit which the load of said 
piezoelectric transformer controls at the time of disconnection so that the output voltage of this piezoelectric transformer 
turns into below a fixed electrical potential difference, and the load of this piezoelectric transformer makes stop said drive 
circuit at the time of a short circuit. 

[Claim 2] The piezoelectric transformer supplied to the load which carried out electrical-potential-difference conversion of 
the alternating voltage impressed between primary lateral electrodes, and was connected to the secondary electrode, The cold 
cathode tube turned on with the output voltage of said piezoelectric transformer, and the current potential conversion circuit 
which transforms into an electrical potential difference the current which flows to said cold cathode tube, The error 
amplifying circuit which amplifies the difference electrical potential difference of the output of said current potential 
conversion circuit, and the reference voltage for controlling the tube electric current, The electrical-potential-difference 
frequency changing circuit where drive frequency is decided by output voltage of said error amplifying circuit, The drive 
circuit which drives a piezoelectric transformer with the oscillation frequency of said current potential conversion circuit, 
The piezoelectric transformer output voltage detector which detects the output voltage of said electrical-potential-difference 
transformer as compared with two reference voltages, In the piezoelectric transformer drive circuit which has the error 
amplifying-circuit output voltage detector which detects the output voltage of said error amplifying circuit as compared with 
reference voltage the load of said piezoelectric transformer at the time of disconnection Pressure partially the output voltage 
of said piezoelectric transformer, and an electrical potential difference is compared with the reference voltage of the upper 
limit of said piezoelectric transformer output voltage detector. It is made to operate so that said electrical-potential-difference 
frequency changing circuit may be controlled and the output voltage of said piezoelectric transformer may turn into below a 
programmed voltage. The load of said piezoelectric transformer at the time of a short circuit The output voltage of said 
piezoelectric transformer is compared with the reference voltage of the minimum of said piezoelectric transformer output 
voltage detector. And the piezoelectric transformer inverter circuit which compares the output voltage of said error 
amplifying circuit with the reference voltage of said error amplifying-circuit output voltage detector, and is characterized by 
stopping said drive circuit. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a piezoelectric transformer inverter circuit which makes the cold cathode 
tube for back lights of liquid crystal turn on especially using a piezoelectric transformer about a piezoelectric transformer 
inverter circuit. 
[0002] 

[Description of the Prior Art] Development has been furthered the that the piezoelectric transformer inverter using a 
piezoelectric transformer makes cold cathode tubes for liquid crystal back lights, such as a pocket device and a notebook 
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computer, mainly turn on in recent years purpose. When the load of a piezoelectric transformer inverter opened or 
short-circuits conventionally, the protection network of the approach of supervising an input current so that a piezoelectric 
transformer may not be damaged, and the approach of supervising output voltage is proposed. For example, there are 
JP,5-64436,A, JP,9- 148645, A, JP,8- 107678, A, and JP,8-33350,A as such an example. 
[0003] 

[Problem(s) to be Solved by the Invention] However, there were the following technical problems in these conventional 
techniques. 

[0004] (a) Detecting output voltage, when the load of a piezoelectric transformer opened and short-circuits as high voltage 
power supply equipment, and stopping the drive of a piezoelectric transformer is described by the example indicated by 
JP 5 5-64436,A and JP,9- 148645, A. However, since there is a phenomenon in which the lighting delay for about several 
seconds occurs even if it impresses an electrical potential difference when turning on a cold cathode tube under dark, when 
output voltage exceeds constant value, there is a problem that a cold cathode tube may not turn on the drive of a piezoelectric 
transformer with halt ******. 

[0005] (b) Although the cold cathode tube load has solved the problem of lighting under dark at JP,8- 107678, A or 
JP,8-33350,A by controlling the output voltage of a piezoelectric transformer inverter below on a fixed electrical potential 
difference at the time of disconnection, there is no indication about a protection network when a load short-circuits, and it 
poses a problem at the time of a load short circuit. 

[0006] (c) In JP,8-107678,A, since it is reversed in the direction which increases a frequency and the sweep is carried out in 
the low direction of a pressure-up ratio when the output voltage of a piezoelectric transformer inverter exceeds a fixed 
electrical potential difference, when carrying out the sweep of the frequency to an upper limit from the minimum of sweep 
frequency, the electrical potential difference inputted into a piezoelectric transformer has been stopped. However, the 
electrical potential difference which may usually carry out a sweep in the low direction of a pressure-up ratio also at the time 
of lighting, and is inputted into a piezoelectric transformer in that case does not stop, but in order to have to control, there is 
no publication about a protection network when two kinds of control at the time is usually needed with an emergency, and 
control and a circuit become complicated and a load short-circuits, and it poses a problem at the time of a load short circuit. 
[0007] So, the main purpose of this invention is offering the piezoelectric transformer inverter circuit which can prevent 
breakage of a piezoelectric transformer, when connection between a piezoelectric transformer and a cold cathode tube goes 
out or a cold cathode tube is damaged. 
[0008] 

[Means for Solving the Problem] The piezoelectric transformer output- voltage detector which detects the output voltage of a 
piezoelectric transformer, the tube electric current detector which detects the tube electric current which flows a cold cathode 
tube, and the load of a piezoelectric transformer are equipped with the control circuit where it controls in at the time of 
disconnection so that the output voltage of a piezoelectric transformer turns into below a fixed electrical potential difference, 
and the load of a piezoelectric transformer stops a drive circuit at the time of a short circuit, and invention concerning claim 
1 is constituted in the piezoelectric transformer inverter circuit which a piezoelectric transformer is driven [ inverter circuit ] 
and makes a cold cathode tube turn on by the drive circuit. 

[0009] The piezoelectric transformer supplied to the load which invention concerning claim 2 carried out 
electrical-potential-difference conversion of the alternating voltage impressed between primary lateral electrodes, and was 
connected to the secondary electrode, The cold cathode tube turned on with the output voltage of a piezoelectric transformer, 
and the current potential conversion circuit which transforms into an electrical potential difference the current which flows to 
a cold cathode tube, The error amplifying circuit which amplifies a difference electrical potential difference with the 
reference voltage for controlling the output and the tube electric current of a current potential conversion circuit, The 
electrical -potential-difference frequency changing circuit where drive frequency is decided by output voltage of an error 
amplifying circuit, The drive circuit which drives a piezoelectric transformer with the oscillation frequency of a current 
potential conversion circuit, The piezoelectric transformer output voltage detector which detects the output voltage of a 
piezoelectric transformer as compared with two reference voltages, In the piezoelectric transformer drive circuit which has 
the error amplifying-circuit output voltage detector which detects the output voltage of a piezoelectric transformer as 
compared with reference voltage the load of a piezoelectric transformer at the time of disconnection The electrical potential 
difference which pressured the output voltage of a piezoelectric transformer partially is compared with the reference voltage 
of the upper limit of a piezoelectric transformer output voltage detector. It is made to operate so that an 
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electrical-potential-difference frequency changing circuit may be controlled and the output voltage of a piezoelectric 
transformer may turn into below a programmed voltage. The load of a piezoelectric transformer at the time of a short circuit 
The output voltage of a piezoelectric transformer is compared with the reference voltage of the minimum of a piezoelectric 
transformer output voltage detector, and the reference voltage of an error amplifying circuit and an error amplifying-circuit 
output voltage detector is compared, and it is constituted so that a drive circuit may be stopped. 
[0010] 

[Embodiment of the Invention] Drawing 1 is the block diagram of 1 operation gestalt of this invention, drawing 2 is the 
appearance perspective view of a piezoelectric transformer, and drawing 3 is the side elevation of a piezoelectric transformer. 
[001 1] First, with reference to drawing 1 - drawing 3 , the configuration of 1 operation gestalt of this invention is explained. 
A piezoelectric transformer 1 is supplied to the cold cathode tube 2 as a load by which one pair of electrodes have the 
primary lateral electrode 101 countered and arranged and the secondary electrode 102 prepared in a side face, carried out 
electrical-potential-difference conversion of the alternating voltage impressed between the primary lateral electrodes 101, 
and were connected to the secondary electrode 102, as shown in drawing 2 and drawing 3 . A cold cathode tube 2 is turned 
on with the output voltage of a piezoelectric transformer 1 . The tube electric current which flows to a cold cathode tube 2 is 
given to the current potential conversion circuit 3, and is changed into an electrical potential difference. The output of the 
current potential conversion circuit 3 is given to the error amplifying circuit 4. The error amplifying circuit 4 amplifies the 
difference electrical potential difference of the reference voltage V3 for controlling the tube electric current, and the output 
voltage of the current potential conversion circuit 3, and gives the output signal to the electrical-potential-difference 
frequency changing circuit 5. The electrical-potential-difference frequency changing circuit 5 determines drive frequency 
according to the output voltage of the error amplifying circuit 4. The oscillation signalling frequency generated in this 
electrical-potential-difference frequency changing circuit 5 is given to the drive circuit 6, and a piezoelectric transformer 1 
drives it by this drive circuit 6. 

[0012] Furthermore, the electrical potential difference V0 series connection of the resistance 10 and 1 1 was carried out, and 
the partial pressure was carried out [ the electrical potential difference ] by the detection resistance 10 and 1 1 between the 
secondary electrode 102 of a piezoelectric transformer 1 and touch-down is given to the piezoelectric transformer output 
voltage detector 7. The piezoelectric transformer output voltage detector 7 detects the output voltage of a piezoelectric 
transformer with the partial pressure electrical potential difference. The error amplifying-circuit output voltage detector 8 
detects the output voltage of the error amplifying circuit 4, and gives the detection output to the drive circuit 6. 
[0013] If a high frequency is oscillated and output voltage becomes high when the output voltage of the error amplifying 
circuit 4 is low, the electrical-potential-difference frequency changing circuit 5 is designed so that a frequency may become 
low. The piezoelectric transformer output voltage detector 7 and the error amplifying-circuit output voltage detector 8 The 
electrical potential difference V0 by which the partial pressure was carried out by the detection resistance 10 and 1 1 
connected with the secondary electrode 102 of a piezoelectric transformer 1 between touch-down less than [ of an upper 
limit / reference voltage VI ] and when the output voltage V4 of the error amplifying circuit 4 is larger than reference 
voltage V5 The drive circuit 6 is stopped, and when output voltage V0 is more than reference voltage V2 of an upper limit, it 
operates so that the electrical-potential-difference frequency changing circuit 5 may be controlled and it may become less 
than [ of an upper limit / reference voltage V2 ] about the output voltage of a piezoelectric transformer 1. 
[0014] The electrical-potential-difference frequency changing circuit 5 controls an oscillation frequency according to the 
electrical potential difference of the error amplifying circuit 4, when the electrical potential difference of the error amplifying 
circuit 4 is 0V, it oscillates the maximum frequency set up beforehand, and it oscillates lowest frequency on a certain 
decided electrical potential difference V5. 

[0015] Drawing 4 is the property Fig. of the frequency pair pressure-up ratio of a piezoelectric transformer, and drawing 5 is 
drawing showing the example of an output wave of the piezoelectric transformer at the time of cold cathode tube load 
disconnection. 

[0016] Next, concrete actuation of 1 operation gestalt of this invention is explained. If a power source is switched on, the 
electrical-potential-difference frequency changing circuit 5 will operate, and the drive circuit 6 will begin to drive a 
piezoelectric transformer 1. Since the power up has not turned on the cold cathode tube 2, in order that a current may not 
flow to a cold cathode tube 2 and the electrical potential difference from a cold cathode tube 2 may not return to it in the 
error amplifying circuit 4, the output of the error amplifying circuit 4 becomes gradually large from 0V, and the oscillation 
frequency of the electrical-potential-difference frequency changing circuit 5 becomes low. 
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[0017] From the frequency pressure-up property of the piezoelectric transformer shown in drawing 4 , if a frequency 
becomes low and the resonance point is approached, output voltage will become high, if the lighting starting potential of a 
cold cathode tube 2 is reached, a cold cathode tube 2 will light up and the tube electric current will be given to the current 
potential conversion circuit 3. The current potential conversion circuit 3 changes the tube electric current into an electrical 
potential difference, and inputs it into the error amplifying circuit 4. And control starts in a setup of an electrical potential 
difference V5 by the error amplifying circuit 4. 

[0018] Next, actuation when the load of a piezo-electric inverter is opened wide, without connecting a cold cathode tube 2 is 
explained. The high voltage occurs in the output of a piezoelectric transformer 1, and if the electrical potential difference by 
which the partial pressure was carried out by resistance 10 and 1 1 exceeds the maximum reference voltage VI, the 
piezoelectric transformer output voltage detector 7 will set the electrical potential difference of the error amplifying circuit 4 
to 0V. By it, the oscillation frequency of the electrical-potential-difference frequency changing circuit 5 operates so that a 
re-oscillation may be carried out from a RF side. In a RF side, the pressure-up ratio of a piezoelectric transformer 1 becomes 
small, and the output voltage of a piezoelectric transformer 1 becomes small so that clearly from the pressure-up ratio 
frequency characteristics of the piezoelectric transformer shown in drawing 4 . A piezoelectric transformer 1 is not destroyed 
by great vibration, and the output voltage of a piezoelectric transformer 1 is controlled by this actuation by electrical 
potential difference which does not affect other circuits or substrates. 

[0019] Drawing 5 is the output voltage wave of the piezoelectric transformer at this time. Thus, since high pressure is 
impressed to the detection resistance 10 only at an intermission, the pulse marginal power of the detection resistance 10 
becomes high, and can use small resistance of a configuration. 

[0020] Next, actuation when the output of a piezo-electric inverter connects too hastily is explained. When a cold cathode 
tube 2 short-circuits, the output voltage of a piezoelectric transformer 1 becomes lower than the reference voltage V2 of a 
minimum. Moreover, the output voltage of the error amplifying circuit 4 increases, and when the output voltage V4 of the 
error amplifying circuit 4 becomes larger than the reference voltage V5 of the error amplifying-circuit output voltage 
detector 8, it is made to stop the drive circuit 6, since a current will not flow to a cold cathode tube 2. That is, even if it 
operates the drive frequency of a piezoelectric transformer 1 to a low frequency side and the pressure up of a piezoelectric 
transformer 1 uses it in a large frequency domain, after checking that the output of a piezoelectric transformer 1 does not 
become larger than an electrical potential difference V2, destruction by being able to stop the drive circuit 6 and an 
overcurrent flowing into a piezoelectric transformer 1 can be prevented. 

[0021] It should be thought that the gestalt of the operation indicated this time is [ no ] instantiation at points, and restrictive. 
The range of this invention is shown by the above-mentioned not explanation but claim, and it is meant that all modification 
in a claim, equal semantics, and within the limits is included. 
[0022] 

[Effect of the Invention] As mentioned above, even when breakage of a piezoelectric transformer was prevented, the light is 
certainly switched on by controlling the output of a piezoelectric transformer also to the lighting delay under [ peculiar to a 
cold cathode tube ] cold dark, without doing effect to other circuits and substrates so that the high voltage may not be 
outputted when according to this invention connection between a piezoelectric transformer and a cold cathode tube goes out 
or a cold cathode tube is damaged, and a cold cathode tube short-circuits, a circuit without breakage of a piezoelectric 
transformer can be realized. 

[0023] Furthermore, since the drive of a piezoelectric transformer is redone from a RF side when connection between a 
piezoelectric transformer and a cold cathode tube goes out or a cold cathode tube is damaged, the miniaturization of a circuit 
can be attained, without control becoming complicated. Moreover, since high pressure always is not impressed to detection 
resistance but the pulse limiting current of detection resistance can be made high, detection resistance can be made small and 
the miniaturization of a circuit can be attained. 
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2 «±©*ta. «Eja&8t£&sis 5 mmvxmm v 

1 ©to^E£±ffi©MimEV2JirBcft:£<£ 

[0014] «EMttiaaMilK5«Mllitt(IBK4© 
«Etcj6C-C»»«*«!*WaiO. ^lfifilHlg§4©^ 
E# 0 V © £ * te^«>g3S£ 3 ft fc**M8SReftai L . 

[ 0 0 1 5 ] 0 4 «EH h 5 >*©Ha8R*fflEJt©«F 

©a*«»w*^riat?* *. 

[00 16]^(C, C©IM8©— Jta6»J»©RflcW«C» 
f¥tc-3l»rttWr-S. W»Wi!lA3ft*4. ^EJSi&gt 
SQftiBS5*WlEU IHtt[gi»6JWE«h*>X 1 £ jg 
8&Lte«>£„ Si®S:AB#«^Hfffi'g2 fcfa&tf i/c 
©r. Jft|»flMF2{c«i«»Sfcftr. K^it(i@ie4tc» 
»fcflW2*»&©WE#Wa3ft&(,»fc». MSWBH 

[ 0 0 1 7 ] H 4 CCq% U/cEm h 5 >x©ffl«SR#E«p 
ttJ:0. Mtt»4s<&< ttoTftS£KiE'3< 4. HttjH 
E#»* < ft: «3 . ftl&tt* 2 © ifcr&ateSE K**- 3 4 » 

e»ns„ «i««0dftliH(3»««%««EE(cK8(ur 

^MtfitIH8g4«cA*f *. -eor. M8WMBK4 K 
J: o tlEV 5 ©«jgriW»*iW* 5. 
[0018] ^S < g2*sSi^$n-r(cE®W> 
^©fi^Aipsfife 3 ftr 4 #©iW¥«c-3i»riiiw 
TS„ E«b9>^l©tB^(c»]K«JE»t|K£0. ffitn 
10 4 11 it»ESft)lfc«E*«±l»<MHW«EV 1 * 
E«h9>^m*«EE*Uia8S7fctefi*M 
[513S4©^E ; lrO -€-ft(CJ: -of, SEJSiSSfc 

Saft@B5 ©«»Hjft»BJ*««flPj3&»6S»»*-r4 J: 
5«ClMfr*. H4«Cm-rE*h5>X©»Etfca«» 
**tt*6 W e>*>ft: «fc 5 (C. lKHiftfflrc»S« hv^l 
©#Eib^/jN$ < ft: 9 . E* h * >^ 1 ©HJ*«ffi&J/h 



(4) ftffl 2 0 0 0 - 1 5 0 1 9 0 

5 6 

[0019] s5«c©i€?cr>Emh7>^©to^BE f^^m^^tcm-^-ciiEEm h > wmmtz^m 

jfi?0-C*4. C©<fc5K. &ttiffii/il OfcttflOfciCL* K*H^-C#S„ 

»n*5EPtti3n^^/c*. taaugsu o<D'*>\>xwmn [0023] ?6tc. eh h^>^i mk^s tamm 

[0 02 0] ^tC. EH-< »<- ^©tH^AS^&U/ci ©I88b£ilj/l»fr>6^ fiTT/cab, ffl®*5}@ffi{C^4 

#©aW^tcoii-cSiWr4. #l&®«2#M*&G/ci# C£&<@!£©>jNM<t£0SC<!:#-CS£. $/c> &tH 

Ef h5>^ l©tti#«IEttTI!B©S*SSEV2 J: ffitnKi;mKi«E#EPJj|]3n-r, t&aUgfn©^UX|SBl¥ 

s§4 ©hj^hev 4 # v&JVMiafeuftwEtttiJiaR 8 mmvnmtowi ] 

©S*1IEV5«fc9fc*#<tt3£ig«J|51S§6£<»ih;? [01] C©2PJ§©-f|jfe^S©^a **0-C$>£„ 

tta. EE*h9>^i©iBttja««*fiffl«« [@2] mm* 7>xonw*WB*c*>i>. 

*"C«pfTE3-&. ffi«h9>^l©«E^*t>JH«S»« [03] ESh5>*©[I!lffl0r*>-5. 

«tiffil/ti, Elh7>^ 1 ©UJ##HEV 2 <fc 9 [04] EHh7>*©jg&&#|?EJt©#1±0-e£> 

**<fc6tCt»C£*WflBLfc««C. |gS&03&6 *#± £„ 

«Ct*s-C#, $fcEH F5>^1 ^jtHifctffliEftjA [05 ] #BS@«|^8?&f$©E1t h v>X©tH*^ 

tfC itc J; £5S^£F;5<-C fi^7jrr0-C<fc£. 

[0021] ^-isigg^:3ti/ciisg©?f^«-r^r©-s-c 20 [^©sjbj] 
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©t5HKJ;or^3n > #t*f»^©iSM£^©;»i**5 
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«Hrt wr ©sbbp* $ n & c t #,«0 $ n 
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So 
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«EEJ9»SKSdfUBlie 


[0 02 2] 
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fBftllSg 


[^©^m] «±©«fc5«:. c©«wcj:*itf. KM 
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EH h -5 > ^ tH^HEtSffilUSS 
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10.11 ffiiri 








[0i ] 




[02] 




Freq (Hz) 



nm 2000-150190 



[05] 



1 1 i \ [ 



—hi — I ! — ji I HjH 1 r 



i • ' • » i « 

: i 



1805 18EE 

Max 

1.24kV 



ML H MLB 



500V 



Ch2 10.0V MLOOms Ch3 S 390V 



F £-A(##) 3K072 AA01 AA19 CA16 EA02 EB05 

EB07 HA06 
5H007 AA17 BB03 CC03 CC32 DC02 

DC05 FA06 FA14 GA08 
5H730 AA20 ASH EE48 FD01 FD31 

XX05 XXI 5 XX19 XX23 XX35 

XX43 



